Six small dam reservoirs in northeastern Poland, with different hydrologic and catchment characteristics were selected for research from March to October (2001October ( -2003. There was a significant correlation between DOC and TP in the reservoirs and the water retention time (WRT). The highest values of electrical conductivity (EC) were recorded in reservoirs with an agricultural basin. In almost all reservoirs a statistically significant decrease of EC, compared to inflowing waters, was noted. Nitrates were substantially reduced in afforested catchment reservoirs. The highest TP concentration was recorded in a newly flooded reservoir. In reservoirs with long retention time, phosphorus sedimentation takes place more intensively. This caused phosphorus reduction in outflowing waters.
INTRODUCTION
Research into the role of environmental factors such as nutrient loading and transformation in natural waters has focused traditionally on relatively large lakes (Wetzel 2001) . Ponds or small reservoirs covering only few hectares or less have received less attention despite the fact that there are many of them.
Hydrodynamic processes take an active part in the formation of water quality and the productivity of reservoirs. They determine the movement of suspended and dissolved matter; the intensity of their circulation inside the ecosystem; the stipulation of the speed of contaminating processes; and the selfpurification of the reservoirs (Artola et al. 1995; Kawara et al. 1998; Wagner, Zalewski 2000) . Nutrient removal and storage take place in various components of the river basin controlled by physical, chemical, and biological processes (e.g. Kronvang et al. 1999) . Human intervention in the hydrological cycle through water retention in small reservoirs has increased the nutrient retention capacity of river basins (Gustafson et al. 2000) .
This paper aims at analyzing the interaction between retention of stream water in the small lowland reservoirs without point pollutions in northeastern Poland and nutrient quantity transformation.
MATERIALS AND METHODS
Six small dam reservoirs with different hydrologic and catchment characteristics (Table 1) KR were created on the same river, the Kumiała (watershed: the Brzozówka, Biebrza, and Narew rivers), and they are about 25 km distant from each other. STR and SWR (below) were created on the Świniobródka River (watershed: the Supraśl and Narew) as adjacent mill-ponds. RR was created on the Radulinka River (watershed: the Supraśl and Narew). Water sample collection for chemical analyses was conducted from March to October at three-week intervals, from the limnic part of the reservoirs and at sampling points at rivers (up and down each reservoir). The actual runoff was measured every sampling term using a spoken-vane current meter. The water conductivity (EC) was measured electronically in the field using a Hydrolab DataSonde 4. Dissolved organic carbon (DOC) concentrations were determined with a TOC 5050A Shimadzu Carbon Analyzer. Chemical analyses of the water were determined with spectrophotometric methods: ammonia nitrogen (N-NH 4 ) using the indophenol method, and nitrate nitrogen (N-NO 3 ) using the reduction method. After UV mineralization with H 2 SO 4 and 30% H 2 O 2, total phosphorus (TP) was conducted, using the molibdate method. Statistically significant transformation of water quality was determined using the Wilcoxon Matched Pair Test (p<0.05).
RESULTS AND DISCUSSION
The highest concentration of DOC was recorded in a reservoir with afforested catchment (Table 2) . Forests are a rich source of organic matter (water-soluble fraction of DOC) for stream ecosystems (Górniak, Zieliński 2000) . The DOC in reservoirs is significantly correlated with the water retention time (Fig. 1) . The highest concentration of DOC was recorded in the Radulin Reservoir, which has a long water retention time, and a basin that is 96% Table 2 Mean (2001) (2002) (2003) water conductivity and nutrients concentration in reservoirs, relative retention (-) or increase (+) of parameters in the outflowing waters compared to the concentration of inflows (KR-Korycin, SR-Sitawka, ZRZarzeczany, RR-Radulin, STR-Stanek, SWT-Świniobródka). covered in forests ( Table 2 ). The particular organic carbon from the catchment decomposes intensely into the dissolved forms of organic carbon. The DOC is additionally increasing by autochthonous production, which takes place in the reservoir. In reservoirs with longer retention time of water, sunlight mineralization of shallow waters rich in DOC-mineral complexes is more effective (Górniak et al. 2002) . Only in the Zarzeczany Reservoir (the highest water retention time) was transformation of the DOC concentration statistically significant (Wilcoxon Test p-level = 0.039).
Nutrient concentrations in small reservoirs in an agricultural landscape can be strongly influenced by catchment activities, even though they are without surface inflows (Bennion, Smith 2000) . The highest values of water conductivity were recorded in reservoirs with an agricultural basin ( Table 2) . The downstream changes in conductivity were, most probably, in large part due to natural processes of longitudinal change in ionic concentration in streams. In almost all reservoirs these transformations (Table 2) were statistically significant (Wilcoxon Test): ZR p-level = 0.002, SR p-level = 0.000, STR plevel = 0.000, SWR p-level = 0.037.
Nitrates concentrations in reservoirs are closely associated with runoff inlet water. This influence is especially apparent in agriculture basins. Nitrates were intensively reduced in reservoirs (Table 2) , statistically significant only in the Sitawka reservoir (Wilcoxon Test p-level = 0.003). Nitrate and ammonium retention was not considered statistically significant in Braskerud's research (2002) , just as it is not in the present study. Sedimentation was the most important nitrogen retention process. In other studies (Saunders, Kalff 2001) , sedimentation is regarded as a minor process. This may be the case, especially for ponds with long retention times. Retention of ammonium nitrogen was low (Table 2) , most likely due to low water temperatures in small reservoirs with short water retention time. Inorganic nitrogen in reservoirs with high hydraulic flushing can not be removed from the system through denitrification (Braskerud 2002) .
The highest TP concentrations were recorded in reservoirs with largely agriculture basins. There, relative retention was more intensive in reservoirs with afforested basins (Radulin, Stanek) of 16-23% (Table 2 ). This transformation was statistically significant (Wilcoxon Test): RR p-level = 0.024, STR p-level = 0.000. In small, shallow Swedish and Finnish ponds, the average annual retention was as high as 20% (Uusi-Kämppä et al. 2000) . The Swedish and Finnish ponds examined are situated in a climate similar to that of the reservoirs examined in this study. Water retention time had important role in transformation of the phosphorus (Figure 1 ). In reservoirs with long retention time, phosphorus sedimentation takes place more intensively. It is well known (e.g. Fiala, Vasata 1982 , Gelbrecht et al. 2005 , O'Melia 1998 ) that important processes that reduce phosphorus in waters are the sorption of labile P forms onto Fe(III) hydroxides, and the sedimentation of particulate matter correlated with water retention time. Further dissolved phosphorus forms are used by algae, bacteria, and macrophytes in primal production processes (Fiala, Vasata 1982; Gelbrecht et al. 2005) . Mulholland et al. (1981) also reported that increased retention time of water in laboratory streams resulted in greater nutrient uptake by biota, and in reduced water column concentrations. Additionally, Moustafa (1999) suggested that the ponding effect of aquatic plants on flowing waters reduced current speeds, so that particulate P was sedimented, and a longer contact time allowed for the greater absorption of dissolved P. In newly constructed reservoirs (Korycin, Sitawka, Zarzeczany) there is nothing buffering plant zones, and phosphorus retention has a lesser role. One of the most important device improving water quality is regulation of water regimes, which could contribute to the reduction of nutrient retention and could control biological process by biomanipulation (Mander, Järvet 1998) .
CONCLUSIONS
The restoration of streams and construction of small reservoirs are common measures for the reduction of nitrogen and phosphorus flux. Low hydraulic flushing causes retention of P mostly by sedimentation processes. In northeastern Poland higher water retention time influences DOC concentration in small reservoirs: (i) the organic matter from the catchment is intensively decomposing into the dissolved forms of organic carbon; (ii) autochthonous production of DOC has important role.
